(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europ^en des brevets (11) E P 0 878 69 1 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

18.11.1998 Builetin1998/47 

(21) Application number: 98108838.8 

(22) Date of filing: 14.05.1998 



(51) Int. Cl.^: G01B 17/02, G01N 29/18, 
G01N 29/10 



(84) 


Designated Contracting States: 


• Jasby, Kenneth 




AT BE CH CY DE DK ES H FR GB GR iE iT Li LU 


Herzlia (IL) 




MC NL PT SE 


• Muchnilc, Stella 




Designated Extension States: 


Jerusaiem (iL) 




AL LT LV MK RO Si 


• Vachtenberg, Oz 
Neot Afeka, Tel- Aviv (IL) 


(30) 


Priority: 14.05.1997 iL 12083097 


(74) Representative: 


(71) 


Applicant: iViarmirt Ltd. 


Kiunicer . Sctimitt-Niison . Hirscli 




Tei-Aviv 6971 0(iL) 


Winzererstrasse 106 






80797 IVIunchen (DE) 


(72) 


Inventors: 


• 


Taran, Vladimir 
Jerusaiem (iL) 





O) 
CO 

CO 
CO 



(54) A device for ultrasonic Inspection of a multl-iayer metal workpiece 



(57) A device is described for the ultrasonic inspec- 
tion of a multilayer metal workpiece (4) consisting of at 
least one parent metal layer (6) and a clad metal layer 
(8), and having an outer surface (12), at least one 
boundary surface (10), and an inner surface (14), the 
device comprising a housing (16) accommodating at 
least three spaced-apart, ultrasonic transducing means 
(19,20,22) capable of receiving electrical input signals, 
initiating transmission of ultrasonic waves to the work- 
piece, and receiving reflected ultrasonic waves to be 
transduced into electrical output signals, the transduc- 
ing means being constituted by an acoustic prism 
(29,30,32) having a first face (58,60,62) for at least indi- 
rectly contacting a workpiece, a second face (38,40,42) 
extending in a plane forming an angle a with the plane 
of the outer surface of the workpiece, and a piezocrystal 
(48,50,52) attached to the second face, wherein the dis- 
tance L2 between the points where the acoustic axes of 
each of the second and the third spaced-apart trans- 
ducing means of the three spaced-apart transducing 
means traverses the first face of its acoustic prism, is 
determined by the expression = /<• 2/7 • fga , 
wherein K is a coefficient indicating the number of skips 
of the shear wave reflection from the inner surface of the 
workpiece, and h is the mean thickness of the clad 
metal layer. 
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Description 

Field of the Invention 

The present invention relates to the field of ultra- 
sonic inspection of metal workpieces, and more particu- 
larly to a device for ultrasonic inspection of a multi-layer, 
clad metal, bonded construction workpiece. The inven- 
tion is utilizable in quality control of the bonding of two 
metals (parent or mother clad metal boundary) and in 
control of the clad metal thickness. Bonding may be 
effected by a metallurgical welding of the parent to clad 
material, or by solid solution mixtures which form a 
strong atomic bonding at the interface layer. 

Background of the Invention 

The ultrasonic quality control of double-layer 
bonded construction of a workpiece is of great industrial 
importance. An example of such a workpiece is a tube 
made of low carbon or low alloyed steel (parent metal) 
with a thin layer of stainless steel (clad metal) clad on 
the tube's internal or external surface. 

Quality control and control of clad metal thickness 
are usually solved by means of direct, single or dual 
ultrasonic probes, as disclosed, e.g., in U.S. Patent No. 
5,349,860, filed September 27, 1994, entitled "Appara- 
tus for Measuring the Thickness of Clad Material." The 
apparatus provides control of the bonding quality at the 
boundary of two metals by means of registration of the 
amplitude of the echo signal reflected from the bound- 
ary, however with low sensitivity, because of the low 
amplitude of echo signals reflected from the boundary, 
making it difficult to detect defects in the bonding. The 
apparatus further provides control of the clad metal 
thickness, but with low precision because of the weak 
level (amplitude) of the ultrasonic signal reflected or 
refracted from the bonded interface. In fact, the angle of 
propagation of the echo signal S in a material under 
control is determined by the parameters of the transmit- 
ter and by the receiver's angle-type probes, while the 
angle of the echo signal C is additionally determined by 
the clad metal thickness. Therefore, the time of propa- 
gation of the echo signal B from the transmitter to the 
receiver's piezo crystals (to) is directly proportional to 
the total thickness of a material (mother - clad metal), 
whereas the time of propagation (f1] of the echo signal 
C is not directly proportional to the parent metal thick- 
ness. Hence, the difference in the propagation times of 
the echo signals B and C is not directly proportional to 
the clad metal thickness, but is considerably smaller 
than its real value. This leads to a large error in measur- 
ing the clad metal thickness. 

Summary of the Invention 

It is therefore a broad object of the present inven- 
tion to provide a device for ultrasonic inspection of a 



multi-layer metal workpiece, ameliorating the above- 
mentioned drawback of the probe utilized in the prior art 
apparatus for measuring the thickness of the clad mate- 
rial. 

5 It is a further object of the present invention to pro- 

vide a device for ultrasonic inspection of a multi-layer 
metal workpiece, utilizing a novel arrangement of trans- 
ducing means composed of acoustic prisms and pie- 
zocrystals. 

10 It is a still further object of the present invention to 
provide an unique transducing means consisting of an 
acoustic prism and a piezocrystal. 

Another object of the invention is to provide a single 
device for ultrasonic inspection of a multi-layer metal 

15 workpiece, capable of transmitting both shear waves as 
well as longitudinal waves into the workpiece, and for 
receiving reflected echo waves from the workpiece. 

In accordance with the present invention, there is 
therefore provided a device for the ultrasonic inspection 

20 of a multilayer metal workpiece consisting of at least 
one parent metal layer and a clad metal layer, and hav- 
ing an outer surface, at least one boundary surface, and 
an inner surface, said device comprising a housing 
accommodating at least three spaced-apart. ultrasonic 

25 transducing means capable of receiving electrical input 
signals, initiating transmission of ultrasonic waves to 
said workpiece, and receiving reflected ultrasonic 
waves to be transduced into electrical output signals, 
said transducing means being constituted by an acous- 

30 tic prism having a first face for at least indirectly contact- 
ing a workpiece, a second face extending in a plane 
forming an angle a with the plane of the outer surface of 
said workpiece, and a piezocrystal attached to said sec- 
ond face, wherein the distance L2 between the points 

35 where the acoustic axes of each of the second and the 
third spaced-apart transducing means of said three 
spaced-apart transducing means traverses the first face 
of its acoustic prism, is determined by the expression 
= K'2h'tga, where K \s a coefficient indicating 

40 the number of skips of the shear wave reflection from 
the inner surface of said workpiece, and h is the mean 
thickness of said clad metal layer. 

The invention will now be described in connection 
with certain preferred embodiments with reference to 

45 the following illustrative figures so that it may be more 
fully understood. 

With specific reference now to the figures in detail, 
it is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of 

50 the preferred embodiments of the present invention 
only, and are presented in the cause of providing what is 
believed to be the most useful and readily understood 
description of the principles and conceptual aspects of 
the invention. In this regard, no attempt is made to show 

55 structural details of the invention in more detail than is 
necessary for a fundamental understanding of the 
invention, the description taken with the drawings mak- 
ing apparent to those skilled in the art how the several 
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forms of the invention may be embodied in practice. 
Brief Description of the Drawings 

Fig. 1 is a cross-sectional view of the device s 

according to the present invention, 
generally showing the direction of 
wave propagation and directions of 
propagation of reflected or refracted 
waves from the clad metal of a work- io 
piece; 

Fig. 2 is a cross-sectional view of a first 

embodiment of the device according 
to the present invention and the mode 
of performing measurements there- is 
with; 

Fig. 3 is a cross-sectional view of a second 

embodiment of the device according 
to the present invention and the mode 
of performing measurements there- 20 
with; 

Fig. 4 is a cross-sectional view of a further 

embodiment of the device according 
to the present invention and the mode 
of performing measurements there- 25 
with; 

Fig. 5 is a cross-sectional view of a still fur- 

ther embodiment of the device accord- 
ing to the present invention and the 
mode of performing measurements 30 
therewith; 

Figs. 6 and 7 are graphs illustrating the time distri- 
bution of reflected signals for embodi- 
ments of Figs. 3 and 5. respectively, 
and 35 

Figs. 8 and 9 are graphs illustrating the propagation 
time of signals of longitudinal waves 
reflected from the boundary surlace 
between the two metals of the work- 
piece. 40 



Detailed Description of Preferred Embodiments 

Referring to Fig. 1 , there is illustrated a device 2 for 
performing ultrasound inspection of a workpiece 4, 45 
composed of a first parent metal layer 6 having a thick- 
ness H, and a second, clad metal layer 8 of a thickness 
h. The two layers contact each other along a boundary 
surface 10. The workpiece 4 may be of any shape or 
configuration, e.g., composed of two contacting, plate- so 
shaped layers, or it may be in the form of a tube or pipe. 
The exposed surface of the parent layer will be referred 
to as "outer surface 12," while the exposed surface of 
the clad metal layer 8 will be referred to as "inner layer 
14," although, in practice, the positions of parent and ss 
clad layers may be reversed. 

The device 2, which may assume any convenient 
configuration, is generally constituted by a housing 16 



accommodating a plurality of ultrasonic transducing 
means 18, 20, 22, spaced apart at distances Li and /_2, 
respectively and optionally, also transducing means 24 
and 26. Each of the transducing means includes an 
acoustic prism 28, 30, 32 and 34, 36. made of any suit- 
able material and configured to have a first face, respec- 
tively 38, 40, 42 and 44, 46, to the surfaces of which are 
glued or otherwise affixed piezocrystals 48, 50, 52 and 
54, 56, and a second lace 58, 60, 62 and 64, 66. The 
second faces are shaped and oriented with respect to 
housing 16 so as to make at least indirect, intimate con- 
tact with the outer surface 12 of workpiece 4. 

For the sake of clarity, the electrical leads connect- 
ing the piezocrystals to a per se known amplification 
and processing means, are not shown. However, as 
indicated by the arrowed full and hatched lines, the 
transducer means are adapted both to transmit signals 
to the workpiece 4 and to receive echo, reflected or 
refracted signals therefrom, as will be described in 
detail hereinafter. 

As further seen in the figures, the angle a of trans- 
mission (and reflection) of the acoustic signals with 
respect to the outer surface 1 2 of workpiece 4, is deter- 
mined by the first faces 38. 40. 42 and 44. 46 of the 
acoustic prisms to which the piezocrystals are affixed, 
which laces are selected with respect to the measuring 
considerations. The transducing means and other com- 
ponents are affixed inside housing 2 by any known 
means, such as epoxy. 

As described above, the device 2 also optionally 
includes transducing means 24, 26 separated by an 
acoustic screen 68, for detecting bonding or other 
defects at the boundary surface 10 of the two metals. 

The juxtaposed transducing means 24. 26. for 
transmitting and receiving longitudinal waves, are 
located between the transducing means 18 and 20, 
which transmit and receive shear waves. The axis of 
symmetry of the transducing means 24, 26 and the 
acoustic axes, as determined by the faces 44, 46, inter- 
sect at the same point that the acoustic axes of trans- 
ducing means 18 and 20 intersect, at the boundary 
surlace 10 of the two metals. 

The distance between points O1 and O2, which 
the acoustic axes of transducing means 18 and 20 
transverse the outer surface 12 of workpiece 4 or the 
faces 58, 60, is calculated by the expression: 

Li = 2H- tga 

and similarly, the distance L2 between points O2 and O3 
which the acoustic axes of transducing means 20 and 
22 transverse the inner surface 1 4 of workpiece 4 or the 
faces 60, 62, is calculated by the expression: 

^2 = /C-2/7* tga 

wherein: 
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H is the thickness of the mother metal; 

h is the thickness of the clad metal; 

a is the angle of the shear wave propagation; and 

K is the reflection coefficient, its value being equal 

to the number of skips of the shear wave from the s 

inner surface of the workpiece. 

These distances provide optimal conditions for 
receiving the echo signals reflected from the boundary 
surface of the two metals, due to the different values of 
the acoustic impedance, and the signals reflected from 
the inner surface of the workpiece. 

The device according to the present invention, and 
the method of performing measurements therewith, are 
based on physical differences in reflection of longitudi- 
nal and shear waves from the parent/clad metal bound- 
ary surface, due to the different acoustic impedance of 
the two metals. The shear wave gives a high level of the 
echo signal reflected from the boundary surface 10, but 
it cannot be used efficiently to simultaneously detect 
small defects. The longitudinal wave gives a high level 
of echo signal, even from small defects, but not from the 
boundary surface 10 for well-bonded material of similar 
acoustic impedances, and therefore, in many cases, it 
cannot be used for measuring the clad metal thickness. 

Turning now to Fig. 2, there is seen the device 2 as 
operated in a first mode, in which the transducing 
means 18 emits shear waves via the parent metal layer 
6 to the inner surface 14 of the clad metal layer 8. Both 
transducing means 20, 22 receive the echo signals, 
transducer means 20 receiving echo signal B reflected 
from the boundary surface 1 0 and transducer means 22 
receiving echo signal C reflected from the outer surface 
14. In this case. K = 1 and the distance =2h* tga. 
The piezocrystals 50 and 52 are advantageously con- 
nected in parallel through means 70, 72 for electronic 
signal amplification with programmable time variable 
gain, serving to selectively amplify and level the echo 
signals B and C reflected from the boundary surface 10 
and the inner surface 14 of the workpiece 4. 

Fig. 3 illustrates a version of operation according to 
which, in contrast to the version of Fig. 2, the transduc- 
ing means 22 receives echo signals which, after reflec- 
tion of wave A from the inner surface 1 4 of echo signal 
D, impinges on the boundary surface 10 of the two met- 
als. Echo signals are then reflected from this boundary 
surface (echo signal E), impinges again on the inner 
surface 14 of the workpiece 4, and then, after reflection 
from this surface (second reflection), echo signal C 
reaches receiving transducing means 22. In this case, K 
= 2 and the distance = 4/7 • fga . 

In Fig. 4, there is illustrated an embodiment in 
which the transducing means 20, 22 emit shear waves 
Si and C2 in the direction of clad metal layer 8 from the 
direction of the outer surface 1 2 of the workpiece. The 
transducing means 18 receives two echo signals Ai 
and A2, the first echo signal being reflected from the 
boundary surface 10 of the two metals when wave Si 



impinges thereon; the second echo signal A2 being 
reflected from the inner surface 14 when wave C2 
impinges thereon. In this case, K = 1 and the distance 
Lg =2/7* tga. 

A further modification of operating the device 2 is 
shown in Fig. 5. In this version, echo signal A2 received 
by the transducing means 1 8 is the second reflection of 
wave C2 from the inner surface 14 of the workpiece. In 
this case, K = 2, and the distance = 4/7 • fgra . 

Echo signals B and C received by transducing 
means 20, 22 of Figs. 2 and 3, or echo signals A^ and 
A2 received by transducing means of Fig. 4, arrive in the 
transducing means 22, which acts as the receiver of the 
device. The clad metal thickness is determined by the 
difference in times of propagation of echo signals B and 
C (Figs. 2 and 3), or >Ai and A2 of Figs. 4 and 5. 

Fig. 6 illustrates the time distribution of shear wave 
echo signals from the device 2 of Fig. 3. Here, the time 
at point Tb corresponds to the time of propagation of 
echo signal B from piezocrystal 48 to piezocrystal 50, 
and the time at point Tq corresponds to the time of 
propagation of the echo signal C from piezocrystal 48 to 
piezocrystal 52. The difference Tq - Tq is directly pro- 
portional to twice the thickness (2/7) of the clad metal 
layer 8. 

For the embodiment of Fig. 2, this difference Tq - 
Tq is directly proportional to the thickness (h) of the clad 
metal. 

Fig. 7 shows the time distribution of shear wave 
echo signals from the device 2 according to the embod- 
iment of Fig. 5. Here, the time at point T/^^ corresponds 
to the time of the echo signal A^ propagating from pie- 
zocrystal 50 to piezocrystal 48, and the time at point 7^2 
corresponds to the time of the echo signal A2 propagat- 
ing from piezocrystal 52 to piezocrystal 48. The differ- 
ence Tj^2 - is directly proportional to twice the 
thickness (2/7) of the clad metal layer 8. 

For the version of Fig. 4, the difference 7)^2 - is 
directly proportional to the clad metal thickness {h). 

Along with informative echo signals B, C, A^ and 
A2, one can observe two or more non-informative sig- 
nals located between the informative signals on a flaw 
detector screen. The informative signals B, C, A^ and 
A2 are always boundary signals. 

Figs. 8 and 9 illustrate the propagation time for echo 
signals of longitudinal waves for, e.g., quality control of 
the bonding of two metals, with transducer means 24, 
26. Figs. 8 and 9 show the cases of the absence and 
presence of defects, respectively The signal Ei (its 
value being small or negligible) corresponds to the echo 
signal reflected from the boundary surface of the two 
metals in the absence of defects, or to the signal 
reflected from the defect. 

Signal E2 corresponds to the echo signal reflected 
from the inner surface of the workpiece and has a high 
amplitude in the event of the absence of any defect, and 
a low amplitude in its presence. 

It should be noted that the present invention is 
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directed to a device utilizable for ultrasonic inspection of 
a multi-layered metal workpiece and not to an entire 
system for measuring and/or calculating the thickness 
of the clad metal layer and/or for detecting defects in the 
welding and/or in the workpiece. Such systems, electri- 5 
cally connected to probes of various types, are per se 
known, at least from U.S. Patent No. 5.349.860 men- 
tioned above and from the references cited therea- 
gainst, and do not constitute part of the present 
invention. 10 

It will be evident to those skilled in the art that the 
invention is not limited to the details of the foregoing 
illustrated embodiments and that the present invention 
may be embodied in other specific forms without depart- 
ing from the spirit or essential attributes thereof. The is 
present embodiments are therefore to be considered in 
all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims 
rather than by the foregoing description, and all 
changes which come within the meaning and range of 20 
equivalency of the claims are therefore intended to be 
embraced therein. 
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the inner surface of said workpiece, and 
h is the mean thickness of said clad metal 
layer. 

2. The device as claimed in claim 1 , wherein the dis- 
tance /-1 , between points where the acoustic axis of 
each of said first and said second transducing 
means of said three spaced-apart transducing 
means traverses the first face of its acoustic prism, 
is determined by the expression 

=2H- tga 

wherein: 

H is the thickness of the mother metal layer. 

3. The device as claimed in claim 1 , or 2 wherein said 
housing further comprises two juxtaposed trans- 
ducing means separated by an acoustic screen for 
transmitting signals into, and receiving echo signals 
from, said workpiece, wherein said signals are lon- 
gitudinal waves. 

4. The device as claimed in claim 3, wherein said two 
juxtaposed transducer means are located between 
the first and second transducing means of said 
three spaced-apart transducing means, at a posi- 
tion wherein their acoustic axes intersect at the 
same point where the acoustic axes of said first and 
second transducing means intersect. 

5. The device as claimed in any one of claims 1 to 4, 
wherein the piezocrystals of said second and third 
transducing means are connected in parallel 
through control means operating to level echo sig- 
nals reflected from said workpiece. 

6. The device as claimed in any one of claims 1 to 5, 
wherein the first of said three spaced-apart trans- 
ducing means is operative to transmit shear waves 
into said workpiece, the second transducing means 
is operative to receive echo waves reflected from 
said boundary surface, and the third transducing 
means is operative to receive echo waves reflected 
from the inner surface of said workpiece. 

7. The device as claimed in any one of claims 1 to 5, 
wherein the first of said three spaced-apart trans- 
ducing means is operative to receive echo signals 
reflected from said boundary surface and inner sur- 
face of said workpiece, the second transducing 
means is operative to transmit shear waves into 
said workpiece to be reflected by said boundary 
surface, and the third transducing means is opera- 
tive to transmit shear waves to be reflected from the 
inner surface of said workpiece. 



Claims 

25 

1 . A device for the ultrasonic inspection of a multilayer 
metal workpiece consisting of at least one parent 
metal layer and a clad metal layer, and having an 
outer surface, at least one boundary surface, and 
an inner surface, said device comprising: 30 

a housing accommodating at least three 
spaced-apart, ultrasonic transducing means 
capable of receiving electrical input signals, ini- 
tiating transmission of ultrasonic waves to said 35 
workpiece, and receiving reflected ultrasonic 
waves to be transduced into electrical output 
signals, 

said transducing means being constituted by 
an acoustic prism having a first face for at least 40 
indirectly contacting a workpiece, a second 
face extending in a plane forming an angle a 
with the plane of the outer surface of said work- 
piece, and a piezocrystal attached to said sec- 
ond face, 45 

wherein the distance L2 between the 
points where the acoustic axes of each of the 
second and the third spaced-apart transducing 
means of said three spaced-apart transducing 
means traverses the first face of its acoustic so 
prism, is determined by the expression: 

L2 = K'2h' tga 

wherein: ss 

K is a coefficient indicating the number of 
skips of the shear wave reflection from 
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The device as claimed in any one of claims 1 to 7, 
wherein the distances /-i and L2 between said 
transmitting and receiving transducer means are 
calculated to facilitate multiple reflections of trans- 
mitted shear waves from said boundary and inner 5 
surfaces of said workpiece. 

The device as claimed in any one of claims 1 to 8, 
wherein said transducing means are affixed inside 
said housing by epoxy 10 
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